Introduction: Myasthenia gravis (MG) is clinically heterogeneous and can be life-threatening if bulbar or respiratory muscles are involved. However, relative contributions of genetic, shared, and nonshared environmental factors to MG susceptibility remain unclear. The aim of this study was to examine the familial aggregation and heritability of MG and the relative risks (RRs) of other autoimmune diseases in the relatives of patients with MG. Methods: A population-based family study using the Taiwan National Health Insurance (NHI) Database was conducted. Participants included all individuals (N=23,422,955) who were actively registered in the NHI Database in 2013, 15,066 of whom had at least one first-degree relative with MG. We identified 8,638 parent-child relationships, 3,279 with an affected offspring, 3,134 with affected siblings, and 26 with affected twins. Prevalence and RRs of MG and other autoimmune diseases in the relatives of patients as well as the relative contributions of heritability, shared, and nonshared environmental factors to MG susceptibility were measured. Results: RRs (95% confidence intervals [CIs]) for MG were 17.85 (8.71-36.56) for patients' siblings, 5.33 (2.79-10.18) for parents, 5.82 (3.03-11.16) for offspring, and 1.42 (0.20-10.10) for spouses without genetic similarities. RRs (95% CIs) in individuals with a first-degree relative with MG were 2.18 (1.53-3.12) for systemic lupus erythematosus, 1.73 (1.09-2.74) for primary Sjögren's syndrome, 1.90 (1.66-2.18) for autoimmune thyroid disease, and 1.68 (1.22-2.30) for rheumatoid arthritis. Accountability for the phenotypic variance of MG was 82.1% for familial transmission and 17.9% for nonshared environmental factors. Conclusion: Individual risks of MG and other autoimmune diseases are increased in the relatives of patients with MG. Familial transmission of MG was estimated to be 82.1%.
Introduction
Myasthenia gravis (MG) is a heterogeneous neuromuscular autoimmune disease, occurring in different ethnic groups and both sexes. Clinical features of MG are diverse with mild ocular symptoms to severe generalized muscle weakness and disability. Prevalence and incidence of MG vary considerably. Incidence of MG ranges between 1.7 and 30 cases per million and its prevalence between 15 and 320 cases per million, depending on ethnicity and location. [1] [2] [3] The most recent estimate of MG prevalence in Taiwan was 140 cases per million population.
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Liu et al of individuals with MG have a positive familial history for the disease. 7 The twin model has been used to estimate the contribution of genetic factors to disease risk and compare disease concordance between monozygotic and dizygotic twins. Ramanujam et al 8 showed that MG concordance was 35.5% in monozygotic twins compared to a dizygotic rate of 4-5%. Furthermore, MG has been reported to coaggregate with other autoimmune diseases 9 and ~13% of MG patients reported other coexisting autoimmune diseases. 10 Moreover, genome-wide association studies (GWAS) have successfully identified at least 12 susceptible loci and numerous single-nucleotide polymorphisms to estimate the heritability associated with MG. 11 Few population-based studies have measured the contribution of genetic and environmental factors to MG susceptibility. Furthermore, estimates of the risk of MG and other autoimmune diseases have been associated with an MG family history and provide valuable information for genetic counseling in respect of affected families. In this study, we reconstructed a nationwide genealogy and linked the pedigrees to the health information from the National Health Insurance (NHI) Research Database, which covers the entire Taiwanese population. MG familial clustering was determined through estimating the risks of MG according to specific affected kinship links, and relative contributions of genetic, shared, and nonshared environmental factors to MG susceptibility were assessed. In addition, we further estimated the RRs of other autoimmune diseases in individuals with a positive MG family history.
Methods
Study population
This study was approved by the Institutional Review Board of the Chang Gung Memorial Hospital, Taiwan (IRB 201600658B0), with an exemption from obtaining informed consent as all data involved were totally anonymized. We identified all NHI 2013 beneficiaries as our source population. Individuals without a valid insurance status were excluded from this analysis. The NHI coverage rate was over 99.5% in 2013. 12 The unique personal identification number assigned to each resident in Taiwan was used to permit valid internal linkages within the database. NHI database contained registration information and original claims data of all NHI beneficiaries, including birth date, sex, family relationships, vital statistics, place of residence, enrollment, employment categories, discharge dates, insurance fees, medical diagnoses, medical expenditures, operations, procedures, and dates of inpatient and outpatient visits.
Identification of first-degree relatives of MG patients
Methods to identify NHI Research Database first-degree relatives and familial associations have been reported previously. 13 In general, parent-offspring or spouse relationships can be directly identified, while full siblings can be identified through their parents. Twins were defined as full siblings with the same date of birth (±1 day), but twin zygosity could not be identified in the database. Individuals were grouped into families according to the relationship and correlation among individuals from the same family. Relative risks (RRs) estimated in this study are essentially the relative recurrence risks according to the original Risch definition; 15 there are prevalence ratios between individuals with a specific type of affected relative and the general population. We used the Breslow-Cox proportional hazards model, which estimated the prevalence rate ratios in a cross-sectional study through applying a same follow-up time for all individuals. This method has been used to make consistent estimates for prevalence ratios close to true limits. 16 In addition, this model assumes independence among the participants. We used the marginal model to address potential bias because of within-family clustering. 17 The RR was adjusted for age, sex, socioeconomic factors, and family size. We calculated RRs for individuals with affected first-degree relatives of any kinship and for individual kinships (parent, offspring, sibling, and twin). We excluded twins from the sibling analyses. In addition to first-degree relatives, we estimated RRs for spouses. We excluded all half-sibling from analysis.
Heritability was defined as the phenotypic variance proportion that is attributable to genetic factors; familial transmission involved the sum of heritability and shared environmental contributions. Both familial transmission and heritability can be calculated with the polygenic liability model. 18 In this study, we used the threshold liability model to estimate these variables. 19 The original model assumes no effect on common environmental variance; thus, familial transmission equals heritability. We also restricted the family history to first-degree relatives and assumed a mean of two siblings in a family. MG-associated thymoma was also analyzed. We further estimated the familial co-aggregation extent of other autoimmune diseases in affected families using the marginal Cox proportional hazards model, with a same follow-up time for all participants adjusting for age, sex, place of residence, income levels, occupation, and family size. RRs of RA, SLE, primary Sjögren's syndrome, and autoimmune thyroid disease were estimated as the adjusted prevalence ratios of specified autoimmune diseases between individuals with affected firstdegree relatives and those without an MG family history. All analyses were performed using the SAS, Version 9.3 (SAS Institute Inc., Cary, NC, USA), and two-sided P-values £0.05 were considered statistically significant.
Results
MG prevalence in individuals with affected first-degree relatives versus the general population
The study population comprised 23,422,955 individuals enrolled in the NHI Research Database in Taiwan in 2013. Among them, the proportions of individuals with a known parent, child, sibling, or twin were 47.45, 57.45, 47.29, and 1.51%, respectively. We identified 6,638 patients diagnosed with MG, giving a crude prevalence of 0.028%. In the general population of Taiwan in 2013, 15,066 (0.064%) individuals had at least one first-degree relative with MG: 8,638 with affected parents, 3,279 with an affected offspring, 3,134 with affected siblings, and 26 with affected twins. The mean ± SD age of the MG patients was lower in those with a family history of MG (36.3±18.3 years) than in those without a family history (39.0±20.9 years; P<0.001 using the Student's t-test). MG prevalence in the first-degree relatives with a family history was higher (0.205%) than in those without a family history (0.028%). Age-specific MG prevalence was higher in individuals with affected first-degree relatives with MG than in the general population ( Figure 1) . Furthermore, onset age-specific MG prevalence was markedly higher in individuals with affected first-degree relatives than in the general population in two age onset group fields (0-9 and 30-39) (Figure 2 ). Other characteristics of the study population are shown in Table 1 . In addition, there were 8.21% of MG patients who had thymoma compared to 0.01% in the general population. 
RRs for MG in individuals with affected first-degree relatives
Familial resemblance and heritability of MG
Using the threshold liability model, we estimated that the accountability for the phenotypic variance of MG was 82.1% for familial transmission and 17.9% for nonshared environmental factors. Given the parameters estimated previously, the probability of the case of an MG patient to be sporadic was 83.5%. 
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Familial aggregation of MG in affected families 
Discussion
This population-based study investigated the risk of MG in individuals with affected first-degree relatives and estimated the heritability and familial transmission of the disease in the general population. Prevalence of MG in the relatives of patients is 7.78-fold higher than in the general population. We observed that genetic distance is associated with the amplitude of risk, and heritability was estimated to be 75.8%. Most MG cases are expected to be sporadic. Furthermore, a higher prevalence of other autoimmune diseases is noted in individuals with affected first-degree relatives than in the general population. Our results indicate several implications. First, the study provides objective quantitative data to evaluate the RRs, familial transmission, and sporadic proportion of MG patients, which are valuable in clinical estimation.
Second, information from large populations may help future genetic studies to estimate candidate genes. Third, coaggregation and overlapping pathogenesis of MG with other autoimmune diseases need further elucidations. Several studies on families with MG patients have been reported. 7 However, investigation of familial aggregation and evidence for familial or genetic contributions are rare. This study provides evidence to support the importance of familial effects in MG susceptibility. Familial occurrence of MG is estimated at ~1-7.3%. 20 Familial MG tends to occur at a younger age, but some also develop late-onset MG cases (with an onset age of ≥65 years). 21 In general, the incidence of younger-onset MG is higher than elderly onset MG. 20 However, its incidence has shifted to an advanced age group due to some environmental factors. 22 In our study, 
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Familial aggregation of MG in affected families age-specific MG prevalence was generally higher in the firstdegree relatives of MG patients than in the general population. Onset age-specific MG prevalence was particularly higher in the younger-aged individuals than in the general population. Sex is an important confounding factor in several autoimmune diseases. 23 Most early-onset MG patients comprise a greater number of women. 24 A recent study suggested that women are more predisposed to MG than men because of some risk alleles. 5 However, sex differences in MG were not found in the present study. According to the genetic distance analysis, sibling RRs were higher than parental or offspring RRs under the same genetic distance, suggesting that shared environmental factors also contribute to MG susceptibility. Using the polygenic liability model, we estimated that 75.8% of the phenotypic variance can be explained due to familial factors and most MG cases appeared to be sporadic rather than familial.
MG has been studied for >30 years, and genetic factors were thought to contribute to its development. Previous reports showed that the human leukocyte antigen (HLA) locus remains the main genetic risk factor for MG. 25 GWAS cases from European and American populations provide an evidence that major histocompatibility complex class II locus, TNIP1, and PTPN22 have been suggested as susceptibility factors for autoimmune MG. 26 In addition, the CTLA4 gene has been found to be involved in MG. 5, 27 HLA-B*08, PTPN22, and TNIP1 were also associated with an early-onset MG. 26 Aside from genetic factors contributing to MG, shared environmental factors also play a key role in familial clustering of MG. Previous reports have shown that lower socioeconomic status, 28 start of smoking at an early age, 28 hepatitis virus (B or C) infection, 29 and the postpartum period 30 are important environmental MG risk factors, which are dependent on geographical variations. 31 We modified the work of Lai and Tseng 4 and reviewed previous epidemiological studies of MG (Table 4) . [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] In Northern Europe, the prevalence of MG subgroups is lower in Norway than in the Netherlands, and differences in geographical north-south gradients have also been found between these populations. 31 Genetic and environmental factors are likely to be associated with MG in different areas and reflect gene-environmental interactions. 40 The etiology of MG is possibly affected depending on geographical variations. Studies have reported that hepatitis infected patients are potentially at a higher risk of MG. 29 In addition, socioeconomic status and smoking habits may also affect MG development. 28 Therefore, this implies that both genetic and shared environmental factors may influence the phenotypic variance in MG. This study uses the threshold liability model to separate shared and nonshared environmental factors. We compared the liability scale between siblings and spouses in a population setting, which assumes that spouses share environmental factors and siblings share both genes and family environment. Therefore, a further comparison with liability of the general population could partition the phenotypic variance into shared, nonshared, and genetic contributions. We considered age, sex, and socioeconomic factors in the regression model to estimate familial RR, but the model ensures that the overall variations contributed by all the factors are used.
Familial risk and coaggregation of autoimmune diseases with MG have not been studied well. A previous systematic review analyzed English language studies on MG subtypes from 1960 to 2010, and the pooled estimate was 13% (95% CI 12-14%) for MG with coexisting autoimmune diseases. 10 Recent reports have shown that autoimmune thyroid diseases share a lot of these factors with RA and SLE, which is expected as RA and SLE often coexist with MG. 41 Our results suggest that some autoimmune diseases contribute to 
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Liu et al MG pathogenesis, but the magnitude of overlapping factors contributing to the disease manifestation is different. The national population data of familial autoimmune disease co-aggregation provide useful information for counseling families of patients with MG. There are some limitations in this study. First, the NHI Research Database is primarily a health insurance database, which lacks complete information on laboratory data, physical examinations, and clinical findings. Classification of MG cases was through the patients' diagnoses recorded in the registry with catastrophic illnesses or classification depended on primary care records. However, all MG diagnoses require strong medical evidence to issue catastrophic illness certificates. Therefore, misclassification is considered rare and is unlikely to affect our conclusion. Patients with less severe diseases may not have received a certificate; therefore, they were not identified as cases. Furthermore, the number of these cases is thought to be small. Patients with MG stratified by antibody status were mainly classified into acetylcholine receptor, muscle-specific kinase, lipoprotein related protein 4, and agrin subsets. 42 As cause and classification of MG subgroup by antibody status could not be analyzed with the health insurance secondary database, this remains a limitation of this study. Second, some first-degree relative MG sporadic cases may have been lost. Third, our results are limited to the population of Taiwan. Further studies outside of Taiwan are needed. We considered that there was little chance for misclassification. However, it is likely that the total number of MG cases is an underestimation as milder forms of the disease may not have qualified for a catastrophic certificate.
Conclusion
This nationwide family study confirms that an MG family history is associated with a high risk for the disease. Differential risk associated with different kinships suggests a strong genetic component in MG susceptibility. An MG family history also confers an elevated risk of other autoimmune diseases. Our findings may help improve the design of future familial and genetic MG risk studies and may also be useful in counseling families of patients with MG.
